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(£) Track crossing detector for optical disk. 



(57) An information reading device for an optical 
disk has a peak level detector (1), a coupling 
capacitor (2), a comparator (4), and a resetting 
circuit (5, 6, 7, 8). The comparator (4) produces 
an on-track signal based on a detected peak 
signal from the peak level detector (1). Infor- 
mation tracks on the optical disk are searched 
based on a count of pulses of the on-track 
signal. The resetting circuit (5, 6, 7, 8) has a 
boundary detector (5, 6) and a switching circuit 
(7, 8). The boundary detector produces a 
boundary signal indicative of the boundary be- 
tween recorded and unrecorded regions on the 
optical disk. In response to the boundary signal, 
the switching circuit (7, 8) discharges stored 
charges of the coupling capacitor (2) in the 
unrecorded region, causing detected peak sig- 
nals in the recorded and unrecorded region to 
vary in amplitude across a common reference 
level. 
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Field of the Invention: . 

The present invention relates to a device for read- 
ing information from an optical disk on which infor- 
mation can be recorded, such as a WORM (Write 
Once Read Many) optical disk, and more particularly 
to a track crossing detector for detecting a traversing 
or crossing motion across a track for tracking search- 
ing operation. 

Description of the Prior Art: 

Information storage optical disks include a 
WORM optical disks on which information can be 
recorded only once. Various mechanisms have been 
proposed to record desired information on a WORM 
optical disk. One optical disk with a new information 
recording mechanism is known as a dye optical disk. 
When a laser beam is applied to the dye optica! disk, 
a disk region where the laser beam spot is applied is 
discolored or deformed to provide a different reflect- 
ance from the reflectance of another disk region. 
Therefore, the discolored or deformed disk region 
functions as a signal pit. Optical disk of this kind a nar- 
row land on its surface which serves as information 
tracks, which will be described in detail with reference 
to FIG. 1 of the accompanying drawings. 

As shown in FIG. 1, a WORM optical disk 9 has 
a narrow spiral land 10 on its recording surface, the 
spiral land 10 being spirally extending from the inner 
circumferential side toward the outer circumferential 
side of the disk. The recording surface of the optical 
disk 9 also includes a spiral groove 11 defined be- 
tween successive turns of the spiral land 10, and, as 
a result, has a zigzag-shaped cross section in the 
radial direction of the optical disk 9. The recording sur- 
face with the land 10 and the groove 1 1 is given a mir- 
ror finish for a higher reflectance with respect to the 
applied laser beam. The land 1 0 has, on its upper sur- 
face, recorded pits 12 alternating with normal surface 
regions 13, the recorded pits 12 having a lower reflect- 
ance than that of the normal surface regions 13. 
Therefore, the successive turns of the spiral land 10 
with the recorded pits 12 serve as information tracks. 

The information that is recorded in the form of the 
recorded pits 12 on the information tracks of the 
WORM optical disk 9 can be read by an information 
reading device. The information reading device has 
an optical pickup (not shown) for optically reading the 
recorded pits 12 based on the intensity of a reflected 
laser beam from the optical disk 9, and an RF detector 
circuit for detecting the envelope of a read signal 
(hereinafter referred to as an "RF signal") and supply- 
ing the detected envelope to a demodulator. The RF 
detector circuit has a track crossing detector for 
searching the recorded information at high speed. 
One conventional form of track crossing detector is 
illustrated in FIG. 2. 



When the optical pickup moves at high speed 
radially over the optical disk 9, i.e., jumps over the 
tracks of the optical disk 9, the track crossing detector 
counts amplitude variations of the RF signal due to the 

5 alternating occurrence of the land 10 and the groove 
11 thereby to determine the number of information 
tracks that the optical pickup has traversed. As shown 
in FIG. 2, the track crossing detector has a peak level 
detector 1 for detecting the peak level of the amplitude 

w of the RF signal, denoted at A. The peak level detector 
1 has an output terminal connected through a coupl- 
ing capacitor 2 to an amplifier 3 that amplifies a detec- 
ted peak signal B from the peak level detector 1 . The 
coupling capacitor 2 serves to cutoff a DC component 

15 contained in the peak level signal B and passes only 
an AC component contained in the peak level signal 
B. The amplifier 3 has an output terminal coupled to 
an inverting input terminal of a comparator 4. A refer- 
ence voltage V REF is applied to a noninverting input 

20 terminal of the comparator 4. The reference voltage 
V REF may be a ground potential, for example. The 
comparator 4 produces an on-track signal C indicative 
of track count pulses at its output terminal. 

Operation of the track crossing detector shown in 

25 FIG. 2 will be described below with reference to FIGS. 
3(A) through 3(C). During normal reading operation, 
the optical pickup traces the land 10 while the optica! 
disk 9 is rotating at a predetermined speed. The opti- 
cal pickup applies an RF signal A whose envelope is 

30 substantially uniform, as shown in FIG. 3(A), to the 
peak level detector 1. As a result, the peak level 
detector 1 produces a constant detected peak signal 
B as shown in FIG. 3(B), and the comparator 4 pro- 
duces a constant on-track signal C as shown in FIG. 

35 3(C). During track searching operation, the optical 
pickup moves at a certain speed radially over the opti- 
cal disk 9. At this time, the optical pickup produces an 
RF signal A whose envelope varies depending on the 
alternating occurrence of the land 10 and the groove 

40 1 1 , as shown in FIG. 3(A). The envelope of the RF sig- 
nal A varies because the intensity of the reflected 
laser beam varies as the optical pickup travels alter- 
nately across the land 10 and the groove 11. Conse- 
quently, the peak level detector 1 detects successive 

45 peak levels of the RF signal A, and generates a detec- 
ted peak signal B indicative of the varying envelope, 
as shown in FIG. 3(B). The detected peak signal B is 
applied through the coupling capacitor 2 and the 
amplifier 3 to the comparator 4. The comparator 4 

so compares the detected peak signal B with the refer- 
ence voltage V^p. With the reference voltage V REF 
being selected at a suitable level, the comparator 4 
produces at its output terminal an on-track signal C 
that represents pulses corresponding to the respec- 

55 tive amplitude variations of the detected peak signal 
B. Since the pulses of the on-track signal C corre- 
spond respectively to the turns of the land 10, i.e., the 
information tracks traversed by the optical pickup, the 
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number of information tracks that the optical pickup 
has jumped over can be determined by counting the 
pulses of the on-track signal C. The above description 
applies to the detection of information tracks on which 
information has already been recorded, typically on 5 
ordinary optical disks, such as CD, LVD, etc.. 

Information may not necessarily have been recor- 
ded on some information tracks on the WORM optica! 
disk 9. For example, as shown in FIG. 1, the recorded 
pits 12 are formed on some information tracks, and no 10 
recorded pits are formed on other information tracks. 
The WORM optical disk 9, therefore, contains a recor- 
ded regions AW and an unrecorded region NW. In 
FIGS. 4(A) and 4(B), during normal reading operation, 
the track crossing detector operates in the same man- 15 
ner as shown in FIGS. 3(A) and 3(B). During track 
searching operation, however, the RF signal A and 
the detected peak signal B shown in FIGS. 4(A) and 
4(B) have different waveforms from those shown in 
FIGS. 3(A) and 3(B). More specifically, insofar as the 20 
optical pickup jumps over information tracks in the 
recorded region AW, the RF signal A shown in FIG. 
4(A) is the same as the RF signal A shown in FIG. 
3(A). However, when the optical pickup starts to jump 
over information tracks in the unrecorded region NW, 25 
the signal produced by the optical pickup does not 
contain any RF signal component from the boundary 
between the recorded and unrecorded regions AW, 
NW because no recording bits 12 exist on the land 10 
in the unrecorded recorded region NW. The detected 30 
peaked signal B has different amplitudes on opposite 
sides of the boundary between the recorded and unre- 
corded regions AW, NW, as shown in FIG. 4(B), since 
the envelope amplitude does not vary in the unrecor- 
ded region NW as the signal from the optical pickup 35 
has no bottom level (negative peak level) in the unre- 
corded region NW. As a result, the detected peak sig- 
nal B in the recorded region AW and the detected 
peak signal B in the unrecorded region NW have dif- 
ferent peak levels which differ from each other by a 40 
step Vds. Because of the step Vds, the detected peak 
signal B in the recorded region AW and the detected 
peak signal B in the unrecorded region NW have dif- 
ferent DC levels, respectively. The different DC levels 
cause the comparator 4 to fail to produce a correct on- 45 
track signal C when it compares the detected peak 
signal B in the recorded region AW and the detected 
peak signal B in the unrecorded region NW with the 
reference voltage V REF , resulting in an miscount of 
information tracks traversed by the optical pickup. so 
Therefore, it is necessary that DC component con- 
tained in the detected peak signal be quickly absor- 
bed or removed at the boundary between the 
recorded and unrecorded regions AW, NW. 

It is an object of the present invention to provide 55 
an information reading device with a track crossing 
detector for preventing the DC level of a detected 
peak signal from varying at the boundary between 



recorded and unrecorded regions of an optical disk, 
so that an optical pickup can jump over information 
tracks on the optical disk for smooth track searching 
operation. 

To achieve the above object there is provided a 
device for reading information from an optical disk 
having recorded and unrecorded regions on a record- 
ing surface thereof with a light beam reflected from the 
recording surface, to produce an information signal 
indicative of the read information, the device compris- 
ing a peak level detector for detecting a peak level of 
the information signal to produce a peak level signal 
indicative of the detected peak level, a coupling 
capacitor connected to an output terminal of the peak 
level detector, a comparator connected to the coupl- 
ing capacitor, for comparing a signal having passed 
through the coupling capacitor with a reference volt- 
age, to produce a pulse signal indicative of the result 
of comparison, and a resetting circuit for detecting a 
boundary between the recorded and unrecorded reg- 
ions of the optical disk based on the peak level signal, 
and for discharging charges stored by the couping 
capacitor when the boundary is detected. 

The peak level detector produces a detected 
peak signal indicative of a peak level of the infor- 
mation signal, and applies the detected peak signal 
through the couping capacitor to the comparator. 
When an optical pickup traverses the boundary be- 
tween the recorded and unrecorded regions on the 
optical disk, the resetting circuit discharges the 
charges stored by the coupling capacitor based on the 
detected peak signal. 

Since the charges stored by the coupling capaci- 
tor are discharged by the resetting circuit when the 
boundary between the recorded and unrecorded reg- 
ions is detected, a DC component contained in the 
detected peak signal can be removed. Therefore, the 
detected peak signals in the recorded and unrecorded 
regions are caused to vary in amplitude across a com- 
mon reference level. The comparator thus produces 
a correct pulse signal, allowing information tracks on 
the optical disk to be counted accurately when they 
are searched or quickly traversed by the optical 
pickup in track searching operation. 

The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawings in which 
a preferred embodiment of the present invention is 
shown by way of illustrative example. 

In the accompanying drawings: 

FIG. 1 is a fragmentary perspective view, partly in 

cross section, of a WORM optical disk; 

FIG. 2 is a block diagram of a conventional track 

crossing detector; 

FIGS. 3(A) through 3(C) are diagrams illustrative 
of signals produced by the track crossing detector 
shown in FIG. 2 when information tracks with 
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recorded pits on the optical disk are traversed by 
an optical pickup; 

FIGS. 4(A) and 4(B) are diagrams illustrative of 
signals produced by the tracks in recorded and 
unrecorded regions on the optical disk are 
traversed by an optical pickup; 
FIG. 5 is a block diagram of a track crossing 
detector according to the present invention; and 
FIGS. 6(A) through 6(D) are diagrams illustrative 
of signals produced by the track crossing detector 
shown in FIG. 5. 

FIG. 5 shows a track crossing detector according 
to the present invention. Those parts shown in FIG. 5 
which are identical to the corresponding parts shown 
in FIG. 2 are denoted by identical or corresponding 
reference characters, and will not be described in 
detail. 

The track crossing detector shown in FIG. 5 dif- 
fers from the conventional track crossing detector 
shown in FIG. 2 in that a resetting circuit is added to 
the track crossing detector. More specifically, as 
shown in FIG. 5, the resetting circuit comprises a peak 
level detector 5 connected to the input terminal of the 
peak level detector 1, for detecting a peak level V P of 
the RF signal A, a bottom level detector 6 also con- 
nected to the input terminal of the peak level detector 
1 , for detecting a bottom level V B of the RF signal A, 
a comparator 7 for determining the difference be- 
tween the peak level V P from the peak level detector 
5 and the bottom level V B from the bottom level detec- 
tor 6, and for producing a reset pulse E when the 
determined difference is substantially zero or less 
than a predetermined small value, and a resetting 
transistor 8 which is turned on by the reset pulse to 
discharge the stored charges of the coupling capaci- 
tor 2 to ground. The peak level detector 5 may be a 
unipolar peak level detector comprising an oper- 
ational amplifier. The bottom level detector 6 may also 
be a unipolar peak level detector comprising an oper- 
ational amplifier, the unipolar peak level detector hav- 
ing a rectifying diode which is directed in reverse 
relationship to the rectifying diode of the unipolar peak 
level detector as the peak level detector 5. The com- 
parator 7 may comprise an operational amplifier serv- 
ing as a subtracter in which an output signal is 
reversed. The resetting transistor 8 may comprise a 
switching NPN-type bipolar transistor. The resetting 
transistor 8 may also comprise a PNP-type bipolar 
transistor which can be turned on by the reset pulse 
E of opposite polarity. The peak level detector 5, the 
bottom level detector 6, and the comparator 7 jointly 
serve as a boundary detector. 

Operation of the track crossing detector shown in 
FIG. 5 will be described below with reference to FIGS. 
6(A) through 6(D). During normal reading operation, 
the track crossing detector operates in the same man- 
ner as described above with reference to FIGS. 2 and 
3(A) through (C). 



In track searching operation, when the optical 
pickup jumps over information tracks as it traverses 
the recorded region AW on the optical disk 9 (FIG. 1), 
the RF signal A produced by the optical pickup con- 
5 tains an RF component. Since the peak level V P and 
the bottom level V B of the RF signal A differ from each 
other, the comparator 7 does not produce a reset 
pulse E, and the resetting transistor B remains non- 
conductive. 

10 When the optical pickup reaches the boundary 
between the recorded and unrecorded regions AW, 
NW and then travels in the unrecorded region NW, no 
RF component is contained in the signal from the opti- 
cal pickup, and the signal from the optical pickup has 

15 a waveform in the unrecorded region NW as shown in 
FIG. 6(A). Since there is no difference between the 
peak level V P and the bottom level V B at this time, the 
detected output signals from the peak and bottom 
level detectors 5, 6 are substantially equal to each 

20 other, and the comparator 7 produces a reset pulse E 
as shown in FIG. 6(D). The resetting transistor 8 is 
now rendered conductive by the reset pulse E, where- 
upon the terminal of the coupling capacitor 2 which is 
connected to the amplifier 3 is connected to ground for 

25 an interval of time that is determined by the pulse 
duration of the reset pulse E. As a result, a DC level 
Vdc2 (FIG. 6(B)) of the detected peak signal B that is 
stored in the coupling capacitor 2 in the unrecorded 
region NW is discharged to ground through the reset- 

30 ting transistor 8. Therefore, as shown in FIG. 6(C), the 
amplifier 3 is supplied with a corrected signal D that 
varies in amplitude across a reference level of 0 V in 
the recorded and unrecorded regions AW, NW. The 
amplifier 3 thus applies a signal with no DC offset, 

35 similar in waveform to the corrected signal D, to the 
comparator 4. The signal applied to the comparator 4 
has the same reference level (0 V) in the recorded and 
unrecorded regions AW, NW. Accordingly, the on- 
track signal C produced by the comparator 4 is indi- 

40 cative of accurate track count pulses, preventing a 
miscount of information tracks traversed by the optical 
pickup. 

While the present invention has been described 
with respect to a WORM optical disk, the principles of 
45 the invention are also applicable to a rewritable opti- 
cal disk. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 

so therefore to be considered in all respects as illustra- 
tive and not restrictive, the scope of the invention 
being indicated by the appended claims rather than by 
the foregoing description and all changes which come 
within the meaning and range of equivalency of the 

55 claims are therefore intended to be embraced therein. 
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Claims 

1. A device for reading information from an optical 
disk having recorded and unrecorded regions on 

a recording surface thereof with a light beam ref- 5 
lected from the recording surface, to produce an 
information signal indicative of the read infor- 6. 
mation, said device comprising: 

a peak level detector (1) for detecting a 
peak level of the information signal to produce a 10 
peak level signal indicative of the detected peak 
level; 

a coupling capacitor (2) connected to an 7. 
output terminal of said peak level detector (1); 

a comparator (4) connected to said coupl- 15 
ing capacitor (2), for comparing a signal having 
passed through said coupling capacitor (2) with a 
reference voltage, to produce a pulse signal indi- 
cative of the result of comparison; and 

a resetting circuit (5, 6, 7, 8) for detecting 20 
a boundary between the recorded and unrecor- 
ded regions of the optical disk based on said peak 
level signal, and for discharging charges stored 
by said coupling capacitor (2) when the boundary 
is detected. 25 

2. A device according to claim 1 , wherein the optical 
disk has a mirror-finish spiral land serving as an 
information track, along which the information 

can be recorded, said spiral land extending spi- 30 
rally from an inner circumferential side to an outer 
circumferential side thereof in the recorded and 
unrecorded regions. 

3. A device according to claim 1 , wherein said reset- 35 
ting circuit comprises: 

a boundary detector (5, 6) for producing a 
boundary signal indicative of the boundary be- 
tween the recorded and unrecorded regions; and 

a switching circuit (7, 8) for discharging the 40 
charges stored by said coupling capacitor in res- 
ponse to the boundary signal. 

4. A device according to claim 3, wherein said 
switching circuit (7, 8) comprises a component 45 
that can be rendered conductive in response to 

the boundary signal. 

5. A device according to claim 3, wherein said 
boundary detector comprises: so 

a peak level detector (5) for detecting a 
peak level of the information signal to produce a 
peak level signal indicative of the detected peak 
level; 

a bottom level detector (6) for detecting a 55 
bottom level of the information signal to produce 
a bottom level signal indicative of the detected 
bottom level; and 



a comparator (7) for detecting the differ- 
ence between said peak level signal and said bot- 
tom level signal, and for producing a reset pulse 
when the detected difference is substantially 
zero. 

A device according to claim 3, wherein said 
switching circuit (7, 8) has a terminal connected 
to a terminal of said coupling capacitor (2) which 
is connected to said comparator (4), and another 
terminal connected to ground. 

A device according to claim 3, wherein said 
switching circuit (7, 8) comprises a transistor that 
can be rendered conductive in response to the 
boundary signal. 
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(g) An information reading device for an optical 
disk has a peak level detector (1), a coupling 
capacitor (2), a comparator (4), and a resetting 
circuit (5, 6, 7, 8). The comparator (4) produces 
an on-track signal based on a detected peak 
signal from the peak level detector (1). Infor- 
mation tracks on the optical disk are searched 
based on a count of pulses of the on-track 
signal. The resetting circuit (5, 6, 7, 8) has a 
boundary detector (5, 6) and a switching circuit 
(7, 8). The boundary detector produces a 
boundary signal indicative of the boundary be- 
tween recorded and unrecorded regions on the 
optical disk. In response to the boundary signal, 
the switching circuit (7, 8) discharges stored 
charges of the coupling capacitor (2) in the 
unrecorded region, causing detected peak sig- 
nals in the recorded and unrecorded region to 
vary in amplitude across a common reference 
level. 
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